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57 ABSTRACT 

A duty ratio-guaranteed reference clock signal and a duty 
ratio-unguaranteed drive clock signal serve as input to a 
clock signal waveform-correcting system in accordance 
with this invention. The system thereafter puts out a post 
correction drive clock signal that is duty ratio-guaranteed. 
The system has a phase comparator and a switch circuit. The 
phase comparator puts out a HIGH signal as long as the 
reference clock signal and the drive clock signal disagree in 
logical level. The switch circuit transmits an inverted signal 
as a result of inverting the drive clock signal, to an output 
signal of a first buffer to which the drive clock signal is 
applied. A second buffer takes in the output signal and puts 
out a post-correction drive clock signal. 

15 Claims, 19 Drawing Sheets 
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1. 

METHOD AND SYSTEM FOR CLOCK 
SIGNALWAWEFORM CORRECTION 

BACKGROUND OF THE INVENTION 

This invention is directed to a method and system for 
correcting circuit-drive clock signal waveforms. 
Particularly, this invention pertains to a method and system 
for correcting the duty ratio of a circuit-drive clock signal on 
the basis of a reference clock signal. 

Conventionally, the application of clock signals to, for 
example, large-scale integrated circuits has been achieved as 
follows. That is, a clock generator, formed on the chip, 
generates a duty ratio-guaranteed reference clock signal. A 
signal line for that reference clock signal is buffered, where 
upon the generated clock signal is delivered to individual 
circuit blocks so as to drive them. 
The clock-signal duty ratio (CDR) is explained below. 
FIG. 15(a) depicts a buffer circuit with a simple structure. 

This buffer circuit is made up of three, in-series inverters 41, 
42, 43 having the same transistor size. The inverters 41, 42. 
43 have their respective output signal lines having wire 
capacitances C0, C1, and C2, respectively. FIG. 15(b) 
depicts waveforms of output signals of the inverters 41, 42, 
43 resulting from application of a clock signal to the FIG. 
15(a) circuit. IN denotes the output of the inverter 41. SIG1 
denotes the output of the inverter 42. OUT denotes the 
output of the inverter 43. 
The duty ratio is the ratio of assigned signal transmission 

time to actual pulse duration time. For example, in the case 
of the waveform of SIGNAL IN (i.e., the output of the 
inverter 41), the duty ratio is the ratio of a to c, where 
c=a+b. In the case of the waveform of SIGNAL OUT 
(i.e., the output of the inverter 43), the duty ratio is the ratio 
of al... to c oat o 

If it is here assumed that SIGNAL IN has a duty ratio of 
50%, then at is /2 of c. in other words at is equal to b. 
At this time, if CO-C1=C2, then ab. Therefore, the of a 

duty ratio of SIGNAL OUT remains unchanged (i.e., 50%). 
Prior art techniques have the following drawbacks. 
FIG. 16 differs from FIG. 15(b) in that it depicts other 

waveforms of the inverters 41, 42, 43 of the FIG. 15(a) 
circuit with different C0, C1, and C2. 

If C1DC0, SIGNAL SIG1 undergoes agentle rise (fall) in 
comparison with SIGNAL IN. At this time, if C2=C0, 
SIGNAL OUT undergoes a rise (fall) forming the same rise 
(fall) angle as SIGNAL IN; however, a becomes greater 
than be and SIGNAL OUT comes to have a duty ratio of 
above 50%. On the other hand, if C2-C0, then SIGNAL 
OUT undergoes an abrupt rise (fall) in comparison with 
SIGNAL IN; however, a becomes greater than be and 
SIGNAL OUT comes to have a duty ratio of above 50%. The 
CDR is not guaranteed accordingly, 
To guarantee the CDR, the size of transistor of each node 

forming a circuit, and the wire capacitance must be designed 
adequately. This produces the problem that, in the actual 
ASIC design or in the design using standard cells, it is 
extremely difficult to design the transistor size of each node, 
in consideration of the wire capacitance to guarantee the 
CDR. This is because of recent very high-density digital 
circuits in which the wire-to-wire distance is only several 
micrometers, in other words it is almost impossible to obtain 
a correct estimate of the wire-to-wire capacitance. 

Problems resulting from the fact that the CDR is not 
guaranteed are illustrated by taking an example of the data 
mislatch. 
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2 
FIG. 17 is a block diagram of a data bus for data 

transmission. As long as a control signal Ais HIGH, a latch 
A takes in data and puts out the data with no changes, in 
other words the input data is outputted intact from the latch 
A. The latch A latches data inputted thereto when CON 
TROL SIGNALA falls, and holds that input data until the 
next rise of CONTROL SIGNALA takes place. As long as 
a control signal B is HIGH, a latch B takes in data and puts 
out the data with no changes, that is, the input data is 
outputted intact from the latch B. The latch Blatches data 
inputted thereto when CONTROL SIGNAL B falls, and 
holds that input data until the next rise of CONTROL 
SIGNALB takes place. If clock signals are inputted so as to 
serve as CONTROL SIGNALS A and B, this enables 
sequential transfer of data. 

FIG. 18 is a timing diagram of the FIG. 16 data bus when 
it normally operates. When a data signal 1 makes a transition 
from X to X, the latch A, since CONTROL SIGNALA is 
LOW, is placed in the state of DATAHOLD and hence a data 
signal 2 stays in the same state (i.e., X). When CONTROL 
SIGNALA rises, the latch A leaves DATA HOLD STATE 
and, as a result, DATA SIGNAL 2 makes a transition to X. 
At this instant, the latch B, since CONTROL SIGNALB is 
LOW, is placed in DATA HOLD STATE. Because of this, a 
data signal 3 stays in the same state (i.e. Xo). When 
CONTROL SIGNAL B rises, the latch B is released from 
being in DATA HOLD STATE and, as a result, DATA 
SIGNAL 3 makes a transition to X. 

In spite of the above-described arrangements, malfunc 
tions are likely to occur owing to CDR variation. 

FIG. 19 is a timing diagram when the duty ratio of 
CONTROL SIGNALA becomes great. When DATA SIG 
NAL 1 makes a transition from Xo to X on the same timing 
as shown in FIG.16, CONTROL SIGNALA, due to having 
a great duty ratio, has not yet risen. DATASIGNAL2 results 
in making a transition to X because of the fact that the latch 
A has not yet entered DATA HOLD STATE. At this instant, 
the latch B, likewise, has not yet entered DATA HOLD 
STATE and, as a result, DATA SIGNAL3 is forced to make 
a transition to X. In other words, data mislatch occurs, since 
the CDR is not guaranteed. 

SUMMARY OF THE INVENTION 

Bearing in mind the above-noted problems with the prior 
art techniques, the present invention was made. Therefore it 
is a general object of this invention to provide a method and 
system for correcting the waveform of clock signals. More 
specifically, the waveform of a drive clock signal, the duty 
ratio of which is not guaranteed, is corrected by making use 
of a duty ratio-guaranteed reference clock signal in such a 
way that the duty ratio of the drive clock signal is matched 
with the duty ratio of the reference clock signal. 
The present invention provides a clock signal waveform 

correcting system. This system comprises: 
a first means for detecting at least one of a rise phase 

difference between the reference clock signal and the 
drive clock signal and a fall phase difference between 
the reference clock signal and the drive clock signal, 
and for showing a length of time during which the 
reference clock signal and the drive clock signal dis 
agree in phase; 

a second means for applying to the drive clock signal 
either a charge force or a decharge force for the length 
of time. 

As a result of such application of a charge or decharge 
force to the drive clock signal, the duty ratio of the drive 
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clock signal is matched with that of the reference clock 
signal. In this way, the duty ratio of the drive clock signal is 
guaranteed. 

It is preferred that the first means is formed by a phase 
comparator capable of making a comparison in logical level 
between the reference clock signal and the drive clock signal 
so as to provide a pulse signal indicative of a length of time 
during which the reference clock signal and the drive clock 
signal disagree in logical level, and that the second means 
has a signal inverting circuit which inverts the drive clock 
signal to produce an inverted signal, and a switch circuit 
which allows the inverted signal to be transmitted to a signal 
line for the drive clock signal, just for the length of time 
indicated by the pulse signal of the phase comparator. 
As described above, the drive clock signal is compared in 

logical level with the reference clock signal, and as long as 
they disagree in logical level, the drive clock signal is 
overlapped with its inverse. As a result, the duty ratio of the 
drive clock signal can easily be matched with that of the 
reference clock signal. 

It is preferred that the first means includes: 
(a) a rise phase comparator capable of: 
making a comparison in rise timing between the refer 

ence clock signal and the drive clock signal; 
providing a first pulse signal indicative of a first length 

of time during which the reference clock signal is in 
the rise state and, at the same time, the drive clock 
signal is out of the rise state, and a second pulse 
signal indicative of a second length of time during 
which the drive clock signal is in the rise state and, 
at the same time, the reference clock signal is out of 
the rise state; 

(b) a fall phase comparator capable of: 
making a comparison in fall timing between the refer 

ence clock signal and the drive clock signal; 
providing a third pulse signal indicative of a third 

length of time during which the reference clock 
signal is in the fall state and, at the same time, the 
drive clock signal is out of the fall state, and a fourth 
pulse signal indicative of a fourth length of time 
during which the drive clock signal is in the fall state 
and, at the same time, the reference clock signal is 
out of the fall state; 

the second means including: 
(c) first electric current supply means for charging up a 

signal line for the drive clock signal just for the first 
length of time; 

(d) second electric current supply means for decharging 
the signal line just for the second length of time; 

(e) third electric current supply means for decharging the 
signal line just for the third length of time; 

(f) fourth electric current supply means for charging up 
the signal line just for the fourth length of time. 

In accordance with the above-described arrangement, the 
drive clock signal is compared in rise timing with the 
reference clock signal. The signal line of the drive clock 
signal is charged for a certain length of time during which 
the reference clock signal is in the rise state of and, at the 
same time, the drive clock signal is out of the rise state. On 
the other hand, the signal line is decharged for a certain 
length of time during which the drive clock signal is in the 
rise sate, and, at the same time, the reference clock signal is 
out of the rise state. Additionally, the drive clock signal is 
compared in fall timing with the reference clock signal. The 
signal line of the drive clock signalis decharged for a certain 
length of time during which the reference clock signal is in 
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4 
the fall state and, at the same time, the drive clock signal is 
out of the fall state. On the other hand, the signal line is 
charged for a certain length of time during which the drive 
clock signal is in the fall state and, at the same time, the 
reference clock signal is out of the fall state. 

It is preferred that the first means includes: 
a first circuit for making a comparison in logical level 

between the reference clock signal and the drive clock 
signal, and for providing a first pulse signal indicative 
of a first length of time during which the reference 
clock signal is at the logical level of HIGH and, at the 
same time, the drive clock signal is at the logical level 
of LOW: 

a second circuit for making a comparison in logical level 
between the reference clock signal and the drive clock 
signal, and for providing a second pulse signal indica 
tive of a second length of time during which the 
reference clock signal is at the logical level of LOW 
and, at the same time, the drive clock signal is at the 
logical level of HIGH; and that the second means 
includes: 

first electric current supply means for charging up a signal 
line for the drive clock signal, just for the first length of 
time; 

second electric current supply means for decharging the 
signal line, just for the second length of time. 

In accordance with the above-described arrangement, the 
drive clock signal is compared in logical level with the 
reference clock signal. The drive clock signal is charged for 
a certain length of time during which the reference clock 
signal is at the logical level of HIGH and, at the same time, 
the drive clock signal is at the logical level of LOW. On the 
other hand, the drive clock signal is decharged for a certain 
length of time during which the reference clock signal is at 
the logical level of LOW and, ad the same time, the drive 
clock signal is at the logical level of HIGH. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a semiconductor inte 
grated circuit including a clock signal waveform-correcting 
system (CSWS) in accordance with the present invention. 

FIG. 2 is a diagram illustrating the structure of a CSWS 
in accordance with a first embodiment of the present inven 
tion. 

FIG. 3 depicts signal waveforms of the first embodiment 
CSWS. 

FIG. 4 depicts signal waveforms of the first embodiment 
CSWS. 

FIG. 5 depicts signal waveforms of the first embodiment 
CSWS. 

FIG. 6 illustrates the structure of a CSWS in accordance 
with a second embodiment of the present invention. 

FIG. 7 illustrates the structure of a rise phase comparator 
of the second embodiment CSWS. 

FIG. 8 illustrates the structure of a fall phase comparator 
of the second embodiment CSWS. 

FIGS. 9(a) and (b) depict signal waveforms of the second 
embodiment CSWS. 

FIGS. 10(a) and (b) depict signal waveforms of the 
second embodiment CSWS. 

FIG. 11 illustrates the structure of a CSWS in accordance 
with a third embodiment of the present invention. 

FIGS. 12(a) and (b) depict signal waveforms of the third 
embodiment CSWS. 



5,764,091 
S 

FIG. 13 is a circuit diagram outlining the structure of a 
microcontroller employing a CSWS according to the present 
invention. 

FIGS. 14(a) and (b) are diagrams showing the transmis 
sion of data between a CPU and a memory within the FIG. 
13 microcontroller. 

FIG. 15 comprises FIG. 15(a) and FIG. 15(b) wherein 
FIG. 15(a) shows a circuit diagram of a buffer with a simple 
structure while FIG. 15(b) depicts signal waveforms of the 
buffer. 

FIG. 16 depicts waveforms of the FIG. 15(a) buffer. 
FIG. 17 is a block diagram of a data bus made up of two 

latches. 
FIG. 18 is a timing diagram of the operation of the FIG. 

15 data bus. 
FIG. 19 is another timing diagram of the operation of the 

FIG. 17 data bus. 

DETALED DESCRIPTION OF THE 
INVENTION 

Referring first to FIG. 1, a CSWS in accordance with this 
invention is illustrated. 
As shown in FIG. 1, circuit blocks 51a, 51b, 51c, and 51d. 

and a clock generator 52 are provided in the semiconductor 
integrated circuit. Each circuit block 51a, 51b, 51c, 51d is 
fed a drive clock signal generated in the clock generator 52. 
Such a drive clock signal works to control the operation of 
each circuit block 51a, 51b, 51c, and 51d. 
Arranged within the circuit block 51b is a CSWS 10. As 

explained previously, when a drive clock signal is transmit 
ted via a buffer to individual circuits, the duty ratio thereof 
becomes unguaranteed owing to the transistor size of each 
node and the wire capacitance. The CSWS 10 receives both 
a drive clock signal the duty ratio of which has become 
unguaranteed and a duty ratio-guaranteed reference clock 
signal, whereupon the drive clock signal is waveform 
corrected. In this way, the CSWS 10 is able to provide a duty 
ratio-guaranteed drive clock signal. 

Preferred embodiments of the present invention are 
described with reference to the accompanying drawing 
figures. 

EMBODIMENT 1. 

FIG. 2 shows the structure of a CSWS in accordance with 
a first embodiment of the present invention. 11 is a phase 
comparator. 12 is a p-channel MOS transistor. 13 is an 
n-channel MOS transistor, 14 is a switch circuit. 15 is a first 
buffer. 16 is a second buffer. The PMOS transistor 12 and the 
NMOS transistor 13 togetherform a signal-inverting circuit. 

1a denotes a reference clock signal (RCS) generated by 
the clock generator while 1b denotes a duty ratio 
unguaranteed drive clock signal (DCS). 
The phase comparator 11 forms an XOR (exclusive OR) 

circuit. The phase comparator 11 takes in both RCS 1a and 
DCS 1b and performs an XOR operation of RCS 1a and 
DCS 1b, to put out a pulse signal 1c indicative of the result 
of the XOR operation. 
The source of the PMOS transistor 12 is linked to a supply 

of power. DCS 1b is applied at the gate of the PMOS 
transistor 12. The source of the NMOS transistor 13 is 
grounded. DCS 1b is applied at the gate of the NMOS 
transistor 13. The drain of the PMOS transistor 12 and the 
drain of the NMOS transistor 13 are connected together and, 
from the joint point of the drains, a signal 1d, which is an 
inverse of DCS 1b, is applied to the switch circuit 14. 
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6 
The switch circuit 14 is on-off controlled by PULSE 

SIGNAL1c. More specifically, when PULSESIGNAL 1c is 
HIGH, the switch circuit 14 turns on and puts out 
INVERTED SIGNAL 1d. On the other hand, when PULSE 
SIGNAL 1c is LOW, the switch circuit 14 turns off and no 
INVERTED SIGNAL 1d is outputted. 
The first buffer 15 is fed DCS 1b. The output signal line 

of the first buffer 15 and the output signal line of the switch 
circuit 14 are linked together. The second buffer 16 takes in 
an output signal 1e of the first buffer 15 and puts out a 
post-correction drive clock signal (PDCS) 1f. 
The operation of the present CSWS having the above 

described structure will now be explained. 
FIG. 3 depicts signal waveforms of the present CSWS 

when the duty ratio of DCS 1b is greater than the duty ratio 
of RCS 1a. 
The phase comparator 11 performs an XOR operation of 

RCS 1a and DCS 1b, and PULSE SIGNAL 1c is provided. 
In other words, PULSESIGNAL 1c stays HIGH, just for a 
certain length of time during which there exists a difference 
in rise timing or fall timing between RCS 1a and DCS 1b. 
As long as PULSE SIGNAL 1c is HIGH, the switch 

circuit 14 is held in the state of ON. and INVERTED 
SIGNAL 1d, which is an inverse of DCS 1b, is transmitted 
to OUTPUT SIGNAL 1e of the first buffer 15. As long as 
PULSE SIGNAL 1c indicates that there exists a difference 
in rise timing, the fall of INVERTED SIGNAL 1d is taking 
place. This results in application of a decharge (charge 
down) force to OUTPUT SIGNAL 1e of the first buffer 15 
and, as a result, INVERTED SIGNAL 1d is delayed in rise 
timing with respect to DCS 1b. As long as PULSESIGNAL 
1c indicates that there exists a difference in fall timing, 
INVERTED SIGNAL1dis LOW. This results in application 
of a decharge force to OUTPUT SIGNAL 1e of the first 
buffer 15 and, as a result, INVERTED SIGNAL 1d is 
advanced in fall timing with respect to DCS 1b. As a result 
of such arrangement, the duty ratio of PDCS 1f becomes 
equal to the duty ratio of RCS 1a. 

FIG. 4 depicts signal waveforms of the present CSWS 
when the duty ratio of DCS 1b is lower than the duty ratio 
of RCS 1a. 
The phase comparator 11 performs an XOR operation of 

RCS 1a and DCS 1b, and PULSE SIGNAL 1c is provided. 
In other words, PULSE SIGNAL 1c stays HIGH, just for a 
certain length of time during which there exists a difference 
in rise timing or fall timing between RCS ia and DCS 1b. 
As long as PULSE SIGNAL 1c is HIGH, the switch circuit 
14 is held in the state of ON, and INVERTED SIGNAL 1d, 
which is an inverse of DCS 1b, is transmitted to OUTPUT 
SIGNAL 1e of the first buffer 15. These operations are the 
same as FIG. 3. 
As long as PULSESIGNAL 1c indicates that there exists 

a difference in rising timing, INVERTED SIGNAL 1d is 
HIGH. This results in application of a charge force to 
OUTPUT SIGNAL 1e of the first buffer 15 and, as a result, 
INVERTED SIGNAL 1d is advanced in rise timing with 
respect to DCS 1b. As long as PULSESIGNAL 1c indicates 
that there exists a difference in fall timing, the rise of 
INVERTED SIGNAL 1d takes place. This results in appli 
cation of a charge force to OUTPUT SIGNAL 1e of the first 
buffer 15 and, as a result, INVERTED SIGNAL 1d is 
delayed in fall timing with respect to DCS 1b. As a result of 
such arrangement, the duty ratio of PDCS 1.fbecomes equal 
to the duty ratio of RCS 1a. 
As described above, the duty ratio of DCS 1b is matched 

by the present embodiment with the duty ratio of RCS 1a, 
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It is however to be noted that the current driving force of 
the PMOS transistor 12 and the NMOS transistor 13 must be 
lower than that of the first buffer 15, otherwise noise occurs 
in OUTPUT SIGNAL 1e of the first buffer 15 (see FIG. 5) 
thereby producing circuit malfunction factors. 

EMBODIMENT 2. 

FIG. 6 illustrates the structure of a CSWS in accordance 
with a second embodiment of the present invention. 21 is a 
rise phase comparator. 22 is a fall phase comparator. 23A 
and 23D are PMOS transistors each serving as a source of 
electric current. 23B and 23C are NMOS transistors each 
serving as a source of electric current. 24A, 24B, 24C, and 
24D are switch circuits. 25 is a first buffer. 26 is a second 
buffer. The PMOS transistor 23A and the switch circuit 24A 
together form a first electric current supply means. The 
NMOS transistor 23B and the switch circuit 24B together 
form a second electric current supply means. The NMOS 
transistor 23C and the switch circuit 24C together form a 
third electric current supply means. The PMOS transistor 
23D and the switch circuit 24D together form a fourth 
electric current supply means. 
2a denotes a reference clock signal (RCS) generated by 

the clock generator. 2b denotes a duty ratio-tanguaranteed 
drive clock signal (DCS). 
The rise phase comparator 21 is formed by, for example, 

the FIG. 7 circuit. This rise phase comparator 21 takes in 
RCS 2a and DCS 2b, makes a comparison in rise timing 
between the inputted clock signals, and puts out a pulse 
signal 2c and a pulse signal. 2d. On the other hand, the fall 
phase comparator 22 is formed by, for example, the FIG. 8 
circuit. This fall phase comparator 22, likewise, takes in 
RCS 2a and DCS 2b, makes a comparison in fall timing 
between the inputted clock signals, and puts out a pulse 
signal 2e and a pulse signal 2f 
The PMOS transistor 23A has a source that is linked to a 

supply of power, and a drain that is linked to the switch 
circuit 24A. The NMOS transistor 23B has a source that is 
grounded, and a drain that is linked to the Switch circuit 24B. 
The NMOS transistor 23C has a source that is grounded, and 
a drain that is linked to the switch circuit 24C. The PMOS 
transistor 23D has a source that is linked to a supply of 
power, and a drain that is linked to the switch circuit 24D. 
DCS2b is applied to the gates of the PMOS transistors 23A 
and 23D and to the gates of the NMOS transistors 23B and 
23C, 
The switch circuit 24A is on-off controlled according to 

the logical level (HIGH/LOW) of PULSESIGNAL 2c. The 
switch circuit 24B is on-off controlled according to the 
logical level of PULSESIGNAL 2d. The switch circuit 24C 
is on-off controlled according to the logical level of PULSE 
SIGNAL 2e. The Switch circuit 24D is on-off controlled 
according to PULSE SIGNAL 2f 
The first buffer 25 takes in DCS2b. The output signal line 

of the first buffer 25 is associated with the output signal lines 
of the switch circuits 24A-24D. On the other hand, the 
second buffer 26 takes in an output signal of the first buffer 
25 and puts out a post-correction drive clock signal (PDCS) 
2g. 
The operation of a CSWS having the above-described 

structure is now explained below. 
FIG. 9(a) depicts signal waveforms of the present CSWS 

when the duty ratio of DCS2b becomes lower than the duty 
ratio of RCS 2a because the former clock signal (i.e., DCS 
2b) is delayed in rise timing with respect to the latter clock 
signal (i.e. RCS 2a). 
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8 
PULSE SIGNAL 2c is held HIGH by the rise phase 

comparator 21 just for a proportional length of time to a rise 
timing difference between DCS2b and RCS 2a, that is, just 
for a lag by which the former clock signal is delayed in rise 
timing with respect to the latter clock signal. PULSE SIG 
NAL 2d stays in the same logical state (i.e., LOW). As long 
as PULSE SIGNAL 2c is HIGH, the switch circuit 24A is 
held in the state of ON. At this time, a charge (charge-up) 
force is applied by the PMOS transistor 23A to the output 
signal line of the first buffer 25, therefore resulting in 
speeding the rise timing of PDCS2g. This enables the duty 
ratio of PDCS2g to become equal to the duty ratio of RCS 
2a 

FIG. 9(b) depicts signal waveforms of the present CSWS 
when the duty ratio of DCS2b becomes greater than the duty 
ratio of RCS2a because the former clock signal is advanced 
in rise timing with respect to the latter clock signal 2a. 
PULSE SIGNAL 2d is held HIGH by the rise phase 

comparator 21 just for a proportional length of time to a rise 
timing difference between DCS2b and RCS 2a, that is, just 
for a lag by which the latter clock signal is delayed in rise 
timing with respect to the former clock signal. PULSE 
SIGNAL 2c stays in the same logical state (i.e., LOW). As 
long as PULSE SIGNAL 2d is HIGH, the switch circuit 24B 
is held in the state of ON. At this time, a decharge (charge 
down) force is applied by the NMOS transistor 23B to the 
output signal line of the first buffer 25, therefore resulting in 
delaying the rise timing of the PDCS 2g. This enables the 
duty ratio of PDCS2g to..become equal to the duty ratio of 
RCS 2a. 

FIG.10(a) depicts signal waveforms of the present CSWS 
when the duty ratio of DCS2b becomes greater than the duty 
ratio of RCS 2a because the former clock signal is delayed 
in fall timing with respect to the latter clock signal. 
PULSE SIGNAL 2e is held HIGH by the fall phase 

comparator 22 just for a proportional length of time to a fall 
timing difference between DCS2b and RCS2a, that is, just 
for a lag by which the former clock signal is delayed in fall 
timing with respect to the latter clock signal. PULSE SIG 
NAL 2f stays in the same logical state (i.e., LOW). As long 
as PULSE SIGNAL 2e is HIGH, the switch circuit 24C is 
held in the state of ON. At this time, a decharge force is 
applied by the NMOS transistor 23C to the output signal line 
of the first buffer 25, therefore resulting in speeding the fall 
timing of PDCS2g. This enables the duty ratio of PDCS2g 
to become equal to the duty ratio of RCS 2a. 

FIG.10(b) depicts signal waveforms of the present CSWS 
when the duty ratio of DCS2b becomes lower than the duty 
ratio of RCS2a because the former clock signal is advanced 
in fall timing with respect to the latter clock signal. 
PULSE SIGNAL 2f is held HIGH by the fall phase 

comparator 22 just for a proportional length of time to a fall 
timing difference between DCS2b and RCS2a, that is, just 
for a lag by which the latter clock signal is delayed in fall 
timing with respect to the former clock signal. PULSE 
SIGNAL 2e stays in the same logical state (i.e., LOW). As 
long as PULSESIGNAL 2fis HIGH, the switch circuit 24D 
is held in the state of ON. At this time, a charge force is 
applied by the PMOS transistor 23D to the output signal line 
of the first buffer 25, therefore resulting in delaying the fall 
timing of PDCS2g. This enables the duty ratio of PDCS2g 
to become equal to the duty ratio of RCS 2a, 
As described above, the present embodiment enables the 

duty ratio of the drive clock signal to become equal to the 
duty ratio of the reference clock signal. The present embodi 
ment employs a relatively complicated structure in compari 
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son with the first embodiment; however, clock signal phase 
compare is made at a higher accuracy so that higher 
accuracy duty ratio correction can be achieved. 
The present embodiment shows a system capable of 

correcting the rise timing and fall timing of the clock signal. 
A system capable of correcting either one of the rise timing 
and fall timing may be realized. 

EMBODIMENT 3 

FIG. 11 is a circuit diagram of a CSWS in accordance with 
a third embodiment of the present invention. 31 and 32 are 
inverting circuits. 33 is a NAND circuit. 34 is an AND 
circuit. 35 is a PMOS transistor. 36 is an NMOS transistor. 
37 is a first buffer. 38 is a second buffer. 
3a is a reference clock signal (RCS) generated by the 

clock generator. 3b is a duty ratio-unguaranteed drive clock 
signal (RCS). 
The inverting circuit 31 takes in DCS 3b and puts out an 

inverse thereof. Likewise, the inverting circuit 32 takes in 
RCS 3a and puts out an inverse of thereof. The NAND 
circuit 33 takes in RCS 3a and an output signal of the 
inverting circuit 31 and puts out a pulse signal 3c indicative 
of the result of the NAND operation. The AND circuit 34 
takes in DCS3b and an output signal of the inverting circuit 
32 and puts out a pulse signal 3d indicative of the result of 
the AND operation. The PMOS transistor 35 has a source 
that is linked to a supply of power and a gate at which 
PULSE SIGNAL3c of the NAND circuit 33 is applied. The 
NMOS transistor 36 has a source that is grounded, and a gate 
at which PULSE SIGNAL 3d of the AND circuit 34 is 
applied. The first buffer 37 takes in DCS 3b. The first buffer 
has an output signal line that is associated with the drains of 
the PMOS transistor 35 and the NMOS transistor 36. The 
second buffer 38 takes in an output signal of the first buffer 
37 and puts out a post-correction drive clock signal (PDCS) 
3e 
The operation of a CSWS having the above-described 

structure is now explained below. 
FIG. 12(a) depicts signal waveforms of the present CSWS 

when the duty ratio of DCS 3b is lower than the duty ratio 
of RCS 3a. 
PULSE SIGNAL 3c becomes LOW, only when RCS 3a 

is HIGH and DCS 3b is LOW. In other conditions, PULSE 
SIGNAL 3c becomes HIGH. PULSE SIGNAL 3d stays in 
the same logical state (i.e., LOW). When PULSE SIGNAL 
3c is LOW, the PMOS transistor 35 becomes a source of 
electric current, whereupon a charge force is applied to the 
output signal line of the first buffer 37. This enables the duty 
ratio of PDCS 3e to become equal to the duty ratio of RCS 
3a 

FIG. 12(b) depicts signal waveforms of the present CSWS 
when the duty ratio of DCS 3b is greater than the duty ratio 
of RCS 3a. 
PULSE SIGNAL3d becomes HIGH, only when RCS 3a 

is LOW and DCS 3b is HIGH. In other conditions, PULSE 
SIGNAL 3d becomes LOW. When PULSE SIGNAL 3d is 
HIGH, the NMOS transistor 36 becomes a source of electric 
current, whereupon a decharge force is applied to the output 
signal line of the first buffer 37. This enables the duty ratio 
of PDCS 3e to become equal to the duty ratio of RCS 3a. 
As described above, the present embodiment enables the 

duty ratio of the drive clock signal to become equal to the 
duty ratio of the reference clock signal with a simple circuit 
Structure. 

The present CSWS makes it possible that correction of a 
drive clock signal is made in each circuit block in a 
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semiconductor integrated circuit so as to guarantee the duty 
ratio of the drive clock signal. As a result of such 
arrangement, circuit malfunction caused by a duty ratio 
unguaranteed clock signal can be prevented. This achieves 
the stability of circuit operations. This further achieves 
high-speed circuit performance. 

Further, if the present CSWS is standard-cellized for 
incorporation in a random logic section or in an ASIC 
circuit, this easily accomplishes an integrated circuit capable 
of operating at high speed with greater stability. 

FIG. 13 is a circuit diagram outlining the structure of a 
32-bit microcontroller using a CSWS according to the 
present invention. This 32-bit microcontroller, made up of a 
CPU 53, a memory 54, a bus controller 55, and a peripheral 
circuit 56, operates at, for example, a frequency of 50 MHz 
according to clock signals generated by a clock generator 57. 
The CPU 53 and the memory 54 are connected together by 
a bus for data transmission therebetween. The CPU 53 is 
provided with a CSWS of the present invention. 

FIG. 14 is a diagram useful in understanding data trans 
mission between the CPU 53 and the memory 54. Whereas 
FIG. 14(a) shows an example of the data mislatch, FIG. 
14(b) shows an example of the normal operation. A bus 
clock and a CPU clock, each having a cycle of 20 ns and a 
duty ratio of 50%, are used, and the memory 54 provides 
data to the CPU 53 after an elapse of 8 ns from a bus clock 
rise. The CPU 53 latches data that is provided from the 
memory 54 when the CPU clock falls. If, at this time, the 
duty ratio of the CPU clock changes to 35%, and if the 
HIGH-level duration time becomes 7 ns, it is likely for a 
conventional microcontroller to suffer the occurrence of data 
mislatch as shown in FIG. 14(a). On the other hand, the FIG. 
13 microcontroller is able to operate normally even in such 
conditions, since the CPU 53 has a CSWS of the present 
invention capable of providing a guaranteed CPU clock duty 
ratio. 
The invention claimed is: 
1. A clock signal waveform-correcting method, wherein a 

reference clock signal having a predetermined duty ratio and 
a drive clock signal are used in order that said drive clock 
signal is matched in duty ratio with said reference clock 
signal, said method comprising: 

a first step of detecting at least one of a rise phase 
difference between said reference clock signal and said 
drive clock signal and a fall phase difference between 
said reference clock signal and said drive clock signal, 
and of generating a signal which shows a length of time 
during which said reference clock signal and said drive 
clock signal disagree in phase; and 

a second step of applying to said drive clock signal either 
a charge or a decharge for said length of time shown by. 
said signal, wherein the duty ratio of said drive clock 
signal will thereby become matched with the duty ratio 
of said reference signal. 

2. A clock signal waveform-correcting method according 
to claim 1 wherein said first step comprises: 

detecting a rise phase difference between said reference 
clock signal and said drive clock signal, and a fall phase 
difference between said reference clock signal and said 
drive clock signal; and 

generating a signal which shows a first length of time 
during which said reference clock signal and said drive 
clock signal disagree in rise phase, and a second length 
of time during which said reference clock signal and 
said drive clock signal disagree in fall phase. 
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3. A clock signal waveform-correcting system wherein: 
said system takes in a reference clock signal having a 

predetermined duty ratio and a drive clock signal, and 
operates such that said drive clock signal is matched in 
duty ratio with said reference clock signal, and 

said system comprising: 
first means for detecting at least one of a rise phase 

difference between said reference clock signal and 
said drive clock signal, and a fall phase difference 
between said reference clock signal and said drive 
clock signal, and for generating a signal which 
shows a length of time during which said reference 
clock signal and said drive clock signal disagree in 
phase; and 

second means for applying to said drive clock signal 
either a charge or a decharge for said length of time 
shown by said signal, wherein the duty ratio of said 
drive clock signal will thereby become matched with 
the duty ratio of said reference signal. 

4. A clock signal waveform-correcting system according 
to claim 3, 

said first means being capable of detecting a rise phase 
difference between said reference clock signal and said 
drive clock signal, and a fall phase difference between 
said reference clock signal and said drive clock signal; 
and 

said first means being capable of generating a signal 
which shows a first length of time during which said 
reference clock signal and said drive clock signal 
disagree in rise phase, and a second length of time 
during which said reference clock signal and said drive 
clock signal disagree in fall phase. 

5. A clock signal waveform-correcting system according 
to claim 3, 

said first means comprising a phase comparator capable of 
making a comparison in logical level between said 
reference clock signal and said drive clock signal so as 
to provide a pulse signal indicative of a length of time 
during which said reference clock signal and said drive 
clock signal disagree in logical level; 

said second means having: 
a signal inverting circuit which inverts said drive clock 

signal to produce an inverted signal; 
a switch circuit which allows said inverted signal to be 

transmitted to a signal line for said drive clock 
signal, just for said length of time indicated by said 
pulse signal of said phase comparator. 

6. A clock signal waveform-correcting system according 
to claim 5, 

said second means further including: 
a first buffer which takes in said drive clock signal and 
which has an output signal line that is associated 
with a signal line for said inverted signal; 

a second buffer which takes in an output signal of said 
first buffer and which puts out a post-correction drive 
clock signal. 

7. A clock signal waveform-correcting system according 
to claim 3, 

said first means including: 
(a) a rise phase comparator capable of: 

making a comparison in rise timing between said 
reference clock signal and said drive clock signal; 

providing a first pulse signal indicative of a first 
length of time during which said reference clock 
signalis in the rise state and, at the same time, said 
drive clock signal is out of the rise state, and a 
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12 
second pulse signal indicative of a second length 
of time during which said drive clock signal is in 
the rise state and, at the same time, said reference 
clock signal is out of the rise state; 

(b) a fall phase comparator capable of: 
making a comparison in fall timing between said 

reference clock signal and said drive clock signal; 
providing a third pulse signal indicative of a third 

length of time during which said reference clock 
signal is in the fall state and, at the same time, said 
drive clock signal is out of the fall state, and a 
fourth pulse signal indicative of a fourth length of 
time during which said drive clock signal is in the 
fall state and, at the same time, said reference 
clock signal is out of the fall state; 

said second means including: 
(c) first electric current supply means for charging up a 

signal line for said drive clock signal just for said 
first length of time; 

(d) second electric current supply means for decharging 
said signal line just for said second length of time; 

(e) third electric current supply means for decharging 
said signal line just for said third length of time; 

(f) fourth electric current supply means for charging up 
said signal line just for said fourth length of time. 

8. A clock signal waveform-correcting system according 
to claim 7. 

each of said first to fourth electric current supply means 
including: 
an electric current source for Supplying an electric 

current either to charge up said signal line or to 
decharge said signal line; 

a switch circuit for allowing said electric current source 
to supply an electric current to said signal line just 
for a length of time indicated by a pulse signal 
inputted. 

9. A clock signal waveform-correcting system according 
to claim 8, 

said second means including: 
a first buffer which takes in said drive clock signal and 
which has an output signal line that is associated 
with current supply lines of said switch circuits, 
respectively; 

a second buffer which takes in an output signal of said 
first buffer and puts out a post-correction drive clock 
signal. 

10. A clock signal waveform-correcting system according 
to claim 3, 

said first means including: 
a first circuit for making a comparison in logical level 
between said reference clock signal and said drive 
clock signal, and for providing a first pulse signal 
indicative of a first length of time during which said 
reference clock signal is at the logical level of HIGH 
and, at the same time, said drive clock signalis at the 
logical level of LOW; 

a second circuit for making a comparison in logical 
level between said reference clock signal and said 
drive clock signal, and for providing a second pulse 
signal indicative of a second length of time during 
which said reference clock signal is at the logical 
level of LOW and, at the same time, said drive clock 
signal is at the logical level of HIGH; 

said second means including: 
first electric current supply means for charging up a 

signal line for said drive clock signal, just for said 
first length of time; 



5,764,091 
13 

second electric current supply means for decharging 
said signal line, just for said second length of time. 

11. A clock signal waveform-correcting system according 
to claim 10, 

said second means including: 
a first buffer which takes in said drive clock signal and 

which has an output signal line that is associated 
with current supply lines of said first and second 
electric current supply means, respectively; 

a second buffer which takes in an output signal of said 
first buffer and puts out a post-correction drive clock 
signal. 

12. A semiconductor integrated circuit comprising: 
a clock signal waveform-correcting system that takes in a 

reference clock signal having a predetermined duty 
ratio and a drive clock signal, and operates such that 
said drive clock signal is matched in duty ratio with 
said reference clock signal; 

said clock signal waveform-correcting system including: 
first means for detecting at least one of a rise phase 

difference between said reference clock signal and 
said drive clock signal and a fall phase difference 
between said reference clock signal and said drive 
clock signal, and for generating a signal which 
shows a length of time during which said reference 
clock signal and said drive clock signal disagree in 
phase; and 

second means for applying to said drive clock signal 
either a charge or a decharge for said length of time 
shown by said signal, wherein the duty ratio of said 
drive clock signal will thereby become matched with 
the duty ratio of said reference signal. 

13. A semiconductor integrated circuit according to claim 
12, 

said first means being formed by a phase comparator 
capable of making a comparison in logical level 
between said reference clock signal and said drive 
clock signal so as to provide a pulse signal indicative of 
a length of time during which said reference clock 
signal and said drive clock signal disagree in logical 
level; 

said second means having: 
a signal inverting circuit which inverts said drive clock 

signal to produce an inverted signal; 
a switch circuit which allows said inverted signal to be 

transmitted to a signal line for said drive clock 
signal, just for said length of time indicated by said 
pulse signal of said phase comparator. 

14. A semiconductor integrated circuit according to claim 
12. 

said first means including: 
(a) a rise phase comparator capable of: 
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14 
making a comparison in rise timing between said 

reference clock signal and said drive clock signal; 
providing a first pulse signal indicative of a first 

length of time during which said reference clock 
signalis in the rise state and, at the same time, said 
drive clock signal is out of the rise state, and a 
second pulse signal indicative of a second length 
of time during which said drive clock signal is in 
the rise state and, at the same time, said reference 
clock signal is out of the rise state; 

(b) a fall phase comparator capable of: 
making a comparison in fall timing between said 

reference clock signal and said drive clock signal; 
providing a third pulse signal indicative of a third 

length of time during which said reference clock 
signalis in the fall state and, at the same time, said 
drive clock signal is out of the fall state, and a 
fourth pulse signal indicative of a fourth length of 
time during which said drive clock signalis in the 
fall state and, at the same time, said reference 
clock signal is out of the fall state; 

said second means including: 
(c) first electric current supply means for charging up a 

signal line for said drive clock signal just for said 
first length of time; 

(d) second electric current supply means for decharging 
said signal line just for said second length of time; 

(e) third electric current supply means for decharging 
said signal line just for said third length of time; 

(f) fourth electric current supply means for charging up 
said signal line just for said fourth length of time. 

15. A semiconductor integrated circuit according to claim 
12, 

said first means including: 
a first circuit for making a comparison in logical level 

between said reference clock signal and said drive 
clock signal, and for providing a first pulse signal 
indicative of a first length of time during which said 
reference clock signal is positive and, at the same 
time, said drive clock signal is negative; 

a second circuit for making a comparison in logical 
level between said reference clock signal and said 
drive clock signal, and for providing a second pulse 
signal indicative of a second length of time during 
which said reference clock signal is negative and, at 
the same time, said drive clock signal is positive; 

said second means including: 
first electric current supply means for charging up a 

signal line for said drive clock signal, just for said 
first length of time; 

second electric current supply means for decharging 
said signal line, just for said second length of time. 
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